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Description 

[LOW POWER CONSUIVIPTION CIRCUIT 
AND DELAY CIRCUIT THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92122707, filed August 19, 2003. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an oscillation circuit, and 
more particularly to a low power consumption oscillation 
circuit and a delay circuit thereof. 

[0004] 2. Description of the Related Art 

[0005] Traditionally, a ring oscillator can obtain a great oscilla- 
tion period by coupling a plurality of gate delays in series. 
Oscillation period may also be achieved by applying a 
loading device with long charging and discharging time. 
For example, a plurality of gate delays is coupled in se- 
ries. A passive loading device is coupled between two in- 



verters for achieving sucli delay. Tliese two metliods, 
liowever, consume considerable amount of power. 
[0006] FIG. 1 is a block diagram showing a prior art ring oscilla- 
tor. The prior art ring oscillator is disclosed in U.S. Pat. 
No. 6,188,293. The prior art ring oscillator comprises a 
constant voltage generating circuit 102, an inverter circuit 
104 and a constant current element 106. In the ring oscil- 
lator, the inverter circuit comprises alternatively coupling 
inverters and loading devices. The prior art technology 
applies the constant voltage generating circuit 102 to 
control voltage and the constant current element 106 to 

restrict current for achieving low power consumption. 
Summary of Invention 

[0007] Accordingly, the present invention is directed to a low 
power consumption oscillation circuit and a delay circuit 
thereof to reduce the power consumption. 

[0008] According to an embodiment of the present invention, the 
low power consumption oscillation circuit comprises an 
enable circuit, an oscillator delay circuit and a feedback 
control network. The enable circuit activates an initial op- 
eration according to an enable signal received from the 
external circuits. The enable circuit outputs an initial os- 
cillation signal according a feedback control signal. The 



oscillator delay circuit is coupled to the enable circuit for 
receiving the initial oscillation signal from the enable cir- 
cuit and alternatively generating a high level oscillation 
signal oscillating in a high voltage area and a low level os- 
cillation signal oscillating in a low voltage area according 
the initial oscillation signal. The high voltage area is be- 
tween the high working voltage and a low-limit voltage 
higher than the low working voltage, and the low voltage 
area is between the low working voltage and an up-limit 
voltage lower than the high working voltage. The feedback 
control network is coupled to the oscillator delay circuit, 
integrating the high level oscillation signal and the low 
level oscillation signal as the feedback control signal, out- 
putting the feedback control signal to the enable circuit 
for activating a next oscillation. Therefore, the oscillation 
circuit becomes a ring oscillator. 
[0009] The delay circuit of the low power consumption oscillation 
circuit, according to an embodiment of the present inven- 
tion, operates according to a high working voltage and a 
low working voltage. The delay circuit comprises a pull-up 
device, a pull-down device, a loading device, a first output 
terminal and a second output terminal. The pull-up device 
is coupled to the high working voltage and is adapted for 



receiving a first signal. Tlie pull-down device is coupled to 
the low working voltage and is adapted for receiving a 
second signal. The loading device is coupled to the pull- 
up and the pull-down devices and disposed between the 
pull-up and the pull-down devices. The first output ter- 
minal is coupled to the pull-up device and the loading de- 
vice and disposed between the pull-up device and the 
loading device and is adapted for outputting a signal os- 
cillating in a high voltage area. The second output termi- 
nal is coupled to the pull-down device and the loading 
device and disposed between the pull-down device and 
the loading device and is adapted for outputting a signal 
oscillating in a low voltage area. The pull-up device com- 
prises a P-type semiconductor device. The pull-down de- 
vice comprises an N-type semiconductor device. The pull- 
up and the pull-down devices of the delay circuit may re- 
ceive an oscillation signal. 
[0010] The oscillation signal is processed into the high level os- 
cillation signal oscillating in the high voltage area and the 
low level oscillation signal oscillating in the low voltage 
area, therefore the power consumption is reduced. The 
feedback control network resets the oscillator delay circuit 
and reactivates oscillation. Without being reset by the 



feedback control network, the phase shift of the input of 
the oscillator delay circuit becomes worse by the multiple- 
level series method. The cut-off working areas of the 
pull-up and the pull-down overlap, oscillation of the os- 
cillation signal fails and the oscillation signal cannot be 
transmitted. 

[0011] In order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 

[0012] FIG. 1 is a block diagram showing a prior art ring oscilla- 
tor. 

[0013] FIG. 2 is a schematic block diagram showing a low power 
consumption oscillation circuit according to an embodi- 
ment of the present invention. 

[0014] FIG. 3 is a schematic block diagram showing an enable 
circuit of the low power consumption oscillation circuit 
shown in FIG. 2. 

[0015] FIG. 4 is a schematic block diagram showing an oscillator 
delay circuit of the low power consumption oscillation cir- 
cuit shown in FIG. 2. 

[0016] FIG. 5 is a schematic block diagram showing a feedback 



control network of the low power consumption oscillation 

circuit shown In FIG. 2. 

[0017] FIGS. 6A-6D are waveform simulations at points 523, 221, 

224 and 526 of the feedback control network shown in 

FIG. 5. 
Detailed Description 

[0018] FIG. 2 is a schematic block diagram showing a low power 
consumption oscillation circuit according to an embodi- 
ment of the present Invention. The low power consump- 
tion oscillation circuit comprises an enable circuit 205, an 
oscillator delay circuit 207 and a feedback control net- 
work 209. The enable circuit 205 performs an initial oscil- 
lation according to an enable signal 213 received from an 
external circuit. The enable circuit 205 then outputs an 
initial oscillation signal according to a feedback control 
signal 215. The oscillator delay circuit 207 receives the 
initial oscillation signal from the output terminals 217 and 
2 19 of the enable circuit 205. The oscillator delay circuit 
207 alternately generates a high level oscillation signal 
221 oscillating in a high voltage area and a low level os- 
cillation signal 224 oscillating In a low voltage area ac- 
cording to the initial oscillation signal. The high voltage 
area Is between the high working voltage and a low-limit 



voltage higher than the low working voltage, and the low 
voltage area is between the low working voltage and an 
up-limit voltage lower than the high working voltage. The 
feedback control network 209 is coupled to the oscillator 
delay circuit 207 and is adapted for integrating the high 
level oscillation signal 221 and the low level oscillation 
signal 224 to generate a feedback control signal 215 and 
outputting the feedback control signal 215 to the enable 
circuit 205. The feedback control signal 215 is reverse to 
the initial oscillation signal. The oscillation circuit per- 
forms next oscillation in response to the feedback of the 
feedback control signal 215 to the enable circuit 205. 
[0019] FIG, 3 is a schematic block diagram showing an enable 
circuit according to FIG. 2 of the present invention. The 
enable circuit 205 comprises a P-type semiconductor 
combination 315, an N-type semiconductor combination 
317 and a loading device 306. The P-type semiconductor 
combination 315 comprises P-type semiconductor devices 
302 and 308 coupled in series. The N-type semiconductor 
combination 315 comprises N-type semiconductor de- 
vices 304 and 310 coupled in series. The loading device is 
coupled to the P-type semiconductor device 308 and the 
N-type semiconductor device 310 and disposed between 



the P-type semiconductor device 308 and the N-type 
semiconductor device 310. The enable circuit 205 per- 
forms an initial oscillation after receiving an enable signal 
213 from an external circuit. The feedback control signal 
215 then activates the next oscillation. One of ordinary 
skill in the art will understand that this embodiment ap- 
plies a NAND gate. But the present invention is not limited 
thereto. For example, a NOR gate comprising two P-type 
semiconductor devices coupled in series of the P-type 
semiconductor combination and two N-type semiconduc- 
tor devices coupled in parallel of the N-type semiconduc- 
tor combination can be applied. In this embodiment, the 
P-type semiconductor combination 315 outputs a high 
level oscillation signal 217 according to either the enable 
signal 213 or the feedback control signal 215. The N-type 
semiconductor combination 317 outputs a low level oscil- 
lation signal 219 according to either the enable signal 213 
or the feedback control signal 215. When the loading de- 
vice 306 has low resistance, the voltage areas in which the 
high-level oscillation signal 217 and the low level oscilla- 
tion signal 219 oscillate overlap. The enable circuit 205 
mainly serves for receiving the feedback control signal 
215 and maintaining the next oscillation of the oscillation 



circuit, after tlie first oscillation, which is activated by the 
enable signal 213. 
[0020] FIG. 4 is a schematic block diagram showing an oscillator 
delay circuit of the low power consumption oscillation cir- 
cuit shown in FIG. 2. The oscillator delay circuit 207 com- 
prises at least one delay. It may comprise a plurality of 
delay circuits coupled in series. In this embodiment, the 
first delay comprises a first pull-up device 403, a first 
pull-down device 409 and a first loading device 406. The 
first loading device 406 is coupled to the first pull-up de- 
vice 403 and the first pull-down device 409 and disposed 
between the first pull-up device 403 and the first pull- 
down device 409. The second delay comprises a second 
pull-up device 412, a second pull-down device 418 and a 
second loading device 415. The second loading device 
415 is coupled to the second pull-up device 412 and the 
second pull-down device 418 and disposed between the 
second pull-up device 412 and the second pull-down de- 
vice 418. The first delay circuit further comprises a first 
output terminal 421 and a second output terminal 423. 
The second delay circuit further comprises a first output 
terminal 429 and a second output terminal 431. When the 
voltage of the low level oscillation signal 219 increases, 



the pull-up device 403 of the first delay circuit is turned 
off and the pull-down device 409 is turned on immedi- 
ately. The input signal of the pull-down device 418 of the 
second delay circuit, i.e. the voltage of the low level oscil- 
lation signal 425, decreases so that the pull-down device 
418 is turned off. The low level oscillation signal 425 in- 
putted to the pull-down device 418 gradually pulls down 
the input signal of the pull-up device 412, i.e. the voltage 
of the high level oscillation signal 427, via the first load- 
ing device. When the voltage of the high level oscillation 
signal 427 reaches a specific voltage, the pull-up device 
412 of the second delay circuit is turned on, outputting 
the high level oscillation signal 221 to a following func- 
tional circuit. 

[0021] Accordingly, the pull-up and the pull-down devices alter- 
nately transmit the high and low level oscillation signals. 
The loading device with high resistance and high capaci- 
tance restricts current flowing therethrough and generates 
a phase difference for the high and low level oscillation 
signals. The pull-up and the pull-down devices will not 
turn on simultaneously. As a result, a temporary short 
current between the high and low working voltages can be 
avoided. The loading device with the high resistance and 



capacitance contributes persistent oscillation. A loading 
device with high capacitance and low resistance, however, 
may not contribute to low power consumption. As a re- 
sult, the loading device with a high resistance is more de- 
sired. Not every high and low level oscillation signals of 
each delay circuit of the oscillation circuit are inputted 
from the enable circuit 205. For example, the high level 
oscillation signal 427 and the low level oscillation signal 
425 of the second delay circuit are inputted from the first 
delay circuit. The input and output signals of every delay 
circuit are reverse to each other. The oscillator delay cir- 
cuit 207 generates the high and low level oscillation sig- 
nals with different phases via the loading device for con- 
trolling charging or discharging of the pull-up and pull- 
down devices. In addition to determining the oscillation 
periods and the power consumed by the circuit, the load- 
ing device restricts the current flowing through the feed- 
back control network 209 by providing signals with differ- 
ent voltages. 

[0022] FIG. 5 is a schematic block diagram showing a feedback 
control network of the low power consumption oscillation 
circuit shown in FIG. 2. In this embodiment, the feedback 
control network 209 comprises only one inverter or a plu- 



rality of inverters. Every inverter comprises a P-type semi- 
conductor device and an N-type semiconductor device 
coupled in series, sucli as tlie P-type semiconductor de- 
vice 503 and tlie N-type semiconductor device 505 shown 
in FIG. 5. After receiving the high level oscillation signal 
221 and the low level oscillation signal 224 outputted 
from the oscillator delay circuit 207, the feedback control 
network modifies the signals and outputs a feedback con- 
trol signal 215 to the enable circuit 205 for resetting the 
oscillation signals. 
[0023] In another embodiment of the present invention, each of 
the every other inverters further comprises an external P- 
type semiconductor device 507 coupled to the P-type 
semiconductor device 509 in series and an external N- 
type semiconductor device 513 coupled to the N-type 
semiconductor device 511 in series as another external 
control inverter. Accordingly the external control inverter 
comprises the inverter comprising the P-type semicon- 
ductor device 509 and the N-type semiconductor device 
511, and the inverter comprising the external P-type 
semiconductor device 507 and the external N-type semi- 
conductor device 513. The external P-type semiconductor 
device 507 is coupled to the high working voltage and the 



P-type semiconductor device 509 and disposed between 
the high worlcing voltage and the P-type semiconductor 
device 509; the external N-type semiconductor device 
513 is coupled to the low working voltage and the N-type 
semiconductor device 511 and disposed between the low 
working voltage and the N-type semiconductor device 
511. 

[0024] The external P-type semiconductor device 507 and the 
external N-type semiconductor device 513 separately re- 
ceives the high and low level oscillation signals with same 
phase outputted from the even delay circuit counted 
backward from the oscillator delay circuit 207. In this em- 
bodiment, the external P-type semiconductor device 507 
and the external N-type semiconductor device 513 receive 
the high level oscillation signal 427 and the low level os- 
cillation signal 425 outputted from the first delay circuit 
of the oscillation circuit. The feedback control network 
209 modifies the waveforms and the time sequences of 
the signals 221 and 224 outputted from the oscillator de- 
lay circuit 207. After such modification, the signals are 
outputted to the enable circuit 205 for activating the next 
oscillation. The input signal from the oscillator delay cir- 
cuit received by the inverter and the input signal of the in- 



verier should be compensated for each other, or the cut- 
off areas of the transistors overlap. Due to the overlap, 
the transmission route for the oscillation signal may be 
terminated and oscillation cannot be continued. In addi- 
tion, the feedback control network 209 is further coupled 
to a buffer device 211. The buffer device 211 comprises 
one inverter or a plurality of inverters coupled in series for 
persistent oscillation of the circuit. 
[0025] FIGS. 6A-6D are waveform simulations at points 523, 221, 
224 and 526 of the feedback control network shown in 
FIG. 5. In the time axis, t represents a half period. Refer- 
ring to FIG. 6A, a signal with a full amplitude at point 523 
between an inverter and a next level inverter is shown. 
Referring to FIG. 6B, the high level oscillation signal 221 
before the signal outputted from the delay circuit to the 
feedback control network 209 is shown. The amplitude of 
the signal is a half of the full amplitude. Referring to FIG. 
6G, the low level oscillation signal 224 before the signal 
outputted from the delay circuit to the feedback control 
network 209 is shown. The amplitude of the signal is a 
half of the full amplitude. Referring to FIGS. 6B and 6C, no 
overlap of the working areas occurs after the device re- 
ceives the high and low level oscillation signals. Referring 



to FIG. 6D, the feedback control signal 526 outputted 
from the external control inverter, which is reverse to the 
signals at the point 523, is shown. 
[0026] Due to the high resistance of the loading devices between 
the pull-up and pull-down devices, the pull-up and pull- 
down devices of the oscillator delay circuit 207 do not 
turn on simultaneously. The issue of temporary short cur- 
rent can be reduced. Even when operating under normal 
working voltage, the oscillator delay circuit 207 consumes 
low power. The loading device with high resistance can 
comprise, for example, an active device. The high level 
oscillation signal and the low level oscillation signal alter- 
nately generated from the oscillation signal separately os- 
cillate in the high voltage area and the low voltage area. 
Full-amplitude charging and discharging are not required 
to achieve low power consumption. Electrical energy is 
proportional to the square of voltage. It means that when 
the voltage is reduced to one half, the electrical energy is 
reduced to one fourth. One of ordinary skill in the art will 
understand that the oscillation circuit is equivalent to a 
ring oscillator. The present invention, however, is not lim- 
ited thereto. 

[0027] Although the present invention has been described in 



terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



